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DEVICES AND METHODS FOR TISSUE
ACCESS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims the benefit of U.S. Provisional
Application No. 60/619,306, filed Oct. 15, 2004 and U.S.

application Ser. No. 60/622,865, filed Oct. 28, 2004, each of
which 1s incorporated by reference herein in 1ts entirety.

FIELD OF THE INVENTION

The present invention relates to methods and apparatus for
selective surgical removal of tissue, such as for the treatment
of spinal neural and neurovascular impingement, through
selective resection, ablation, and remodeling of tissue in the

lateral recess, neural foramina and central spinal canal, more
particularly, for safely performing lateral recess and neuro-

foraminal enlargement of the spine.

BACKGROUND OF THE

INVENTION

Pathological compression of spinal neural and neurovas-
cular structures 1s an age-related process, increased 1n preva-
lence and severity 1n elderly populations, with potential con-
genital anatomic components, that result 1n back, radicular
extremity pain and both neurological (e.g., sensory) and
mechanical (e.g., motor) dysfunction. Prevalence 1s also
influenced by congenital spinal anatomy. Disease progres-
sion leads to increased neural 1rritation, impingement, and
ischemia, and 1s frequently accompanied by progressively
increased pain, often 1n conjunction with reflex, sensory and
motor neurological deficits.

In the United States, Spinal Stenosis occurs with an inci-
dence of between 4 percent and 6 percent of adults 50 years of
age or older, and 1s the most frequent reason cited for back
surgery 1n patients 60 years of age and older.

Spinal Stenosis often includes neural or neurovascular
impingement, which may occur in the central spinal canal, the
lateral recesses of the spinal canal, or in the spinal neural
foramina. The most common causes ol neural compression
within the spine are spinal disc disease (collapse, bulging,
herniation); ligamentum flavum buckling, thickening and/or
hypertrophy; zygapophysial (facet) joint hypertrophy; osteo-
phyte formation; and spondylolisthesis.

Disease progression increases neural irritation, impinge-
ment, and 1schemia, and 1s frequently accompanied by pro-
gressively increased pain, often 1n conjunction with reflex,
sensory and motor neurological deficits.

Current surgical treatments for Spinal Stenosis include
laminectomy (usually partial, but sometimes complete) and/
or facetectomy (usually partial, but sometimes complete),
with or without fusion. While standard surgical procedures
lead to improvements 1n symptoms for 6 months or more 1n
approximately 60% of cases, there 1s an unacceptable 1nci-
dence of long-term complications and morbidity.

Several companies offer tools that facilitate surgical access
to the areas of the spine where neural impingement 1s likely to
occur, 1n order to allow the surgeon to decompress the
impinged neural structures through the removal of vertebral
lamina, ligamentum flavum, facet complex, bone spurs, and/
or intervertebral disc material. These surgical resections are
frequently (1.e., occurs 1n 15% to 20% of cases) accompanied
by fusion (arthrodesis). Spinal arthrodesis 1s performed to
tuse adjacent vertebrae and prevent movement of these struc-
tures 1n relation to each other. The fusion 1s commonly a
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treatment for pain of presumed disc or facet joint origin, for
“unstable spines™, and for spines that have been rendered
“unstable” by the surgical decompression procedures, as
described above. The definition of “spinal 1nstability™
remains controversial 1n current literature.

Spinal arthrodesis may be achieved through various surgi-
cal techniques. Biocompatible metallic hardware and/or
autogralt or allograft bone 1s commonly secured anteriorly
and/or posteriorly in the vertebral column 1n order to achieve
surgical fusion. These materials are secured along and
between the vertebral bodies (to restore vertebral height and
replace disk material) and/or within the posterior elements,
typically with pedicle screw fixation. Autograit bone 1s often
harvested from the patient’s 1liac crest. Cadaveric allograft 1s
frequently cut in disc shaped sections of long bones for
replacement of the intervertebral discs 1n the fusion proce-
dure.

Critics have frequently stated that, while discectomy and
fusion procedures frequently improve symptoms of neural
impingement in the short term, both are highly destructive
procedures that diminish spinal function, drastically disrupt
normal anatomy, and increase long-term morbidity above
levels seen 1n untreated patients.

The high morbidity associated with discectomy may be
due to several factors. First, discectomy reduces disc height,
causing increased pressure on facet joints. This stress leads to
facet arthritis and facet joint hypertrophy, which then causes
turther neural compression. The surgically-imposed reduc-
tion 1n disc height also may led to neuroforaminal stenosis, as
the vertebral pedicles, which form the superior and inferior
borders of the neural foramina, become closer to one another.
The loss of disc height also creates ligament laxity, which
may lead to spondylolisthesis, spinal instability or osteophyte
or “bone spur” formation, as it has been hypothesized that
ligaments may calcily 1n their attempt to become more “bone-
like”. In addition, discectomy frequently leads to an incised
and further compromised disc annulus. This frequently leads
to recurrent hermiation of nuclear material through the
expanded annular opening. It may also cause further buckling
of the ligamentum flavum. The high morbidity associated
with fusion 1s related to several factors. First, extensive hard-
ware 1mplantation may lead to complications due to break-
age, loosening, nerve 1njury, infection, rejection, or scar tis-
sue¢ formation. In addition, autograft bone donor sites
(typically the patient’s 1liac crest) are a frequent source of
complaints, such as infection, deformity, and protracted pain.
Perhaps the most important reason for the long-term morbid-
ity caused by spinal fusion 1s the loss of mobility 1n the fused
segment of the spine. Not only do immobile vertebral seg-
ments lead to functional limitations, but they also cause
increased stress on adjacent vertebral structures, thereby fre-
quently accelerating the degeneration of other discs, joints,
bone and other soit tissue structures within the spine.

Recently, less invasive, percutaneous approaches to spinal
discectomy and fusion have been tried with some success.
While these less invasive techniques offer advantages, such as
a quicker recovery and less tissue destruction during the pro-
cedure, the new procedures do not diminish the fact that even
less 1nvasive spinal discectomy or fusion techniques are
inherently destructive procedures that accelerate the onset of
acquired spinal stenosis and result in severe long-term con-
sequences.

Additional less invasive treatments of neural impingement
within the spine include percutaneous removal of nuclear disc
material and procedures that decrease the size and volume of
the disc through the creation of thermal disc injury. While
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these percutancous procedures may produce less tissue
injury, their efficacy remains unproven.

Even more recently, attempts have been made to replace
pathological discs with prosthetic materials. While prosthetic
disc replacement 1s a restorative procedure, 1t 1s a highly
invasive and complex surgery. Any synthetic lumbar disc will
be required to withstand tremendous mechanical stresses and
will require several years of development before 1t will
achieve the longevity desired. Further, synthetic discs may
not be an appropriate therapeutic approach to a severely
degenerative spine, where profound facet arthropathy and
other changes are likely to increase the complexity of disc
replacement. Like most prosthetic joints, 1t 1s likely that syn-
thetic discs will have a limited lifespan and that there will be
continued need for minimally ivasive techniques that delay
the need for disc replacement. Even 1f prosthetic discs
become a viable solution, a simpler, less invasive approach to
restoration of functional spinal anatomy would play an
important role in the treatment of neural impingent 1n the
spine. The artificial discs 1n U.S. climical trials, as with any
first generation prosthesis, are bound to fail in many cases,
and will be very difficult to revise for patients. The prostheses
will, therefore, be best avoided, 1n many cases. Lumbar pros-
thetic discs are available 1n several countries worldwide.

In view of the atorementioned limitations of prior art tech-
niques for treating neural and neurovascular impingement in
the spine, 1t would be desirable to provide methods and appa-
ratus for selective surgical removal of tissue that reduce or
overcome these limitations.

SUMMARY OF THE INVENTION

In view of the foregoing, the present invention provides
apparatus and methods for selective removal of tissue, e.g.,
soit tissue and bone, preferably 1n a mimmally invasive fash-
ion. An embodiment of the present mnvention provides appa-
ratus and methods for safe and selective delivery of surgical
tools 1nto to the epidural space; and for apparatus methods
that enable safe and selective surgical removal, ablation, and
remodeling of soit tissue and bone, preferably 1n a minimally
invasive fashion, with the apparatus delivered into the epidu-
ral space. In an important preferred variation of the methods
and apparatus are used to treat neural and neurovascular
impingement 1n the spine, through a novel approach to safe
and selective enlargement of the pathologically narrow spinal
neural foramen, the impinged lateral recess, and central canal.

In a preferred embodiment, the methods and apparatus
include the placement of a working backstop or barrier into
the epidural space or neural foramina, to a location between
the tool positioned for tissue alteration, and adjacent vulner-
able neural or vascular structures, to help prevent neural or
vascular injury during surgery. In a further preferred embodi-
ment, the methods and apparatus utilize neural stimulation
techniques, to enable neural localization, as a means of
improving the safety of the procedure.

In one variation of the present invention, an epidural needle
may be converted to a working tool 1n order to resect or
remodel spinal tissue, which 1s enabled by the use of herein
described methods and apparatus:

After placement of an epidural needle into the epidural
space, a special epidural catheter 1s threaded through the
needle mnto the epidural space. This catheter apparatus con-
tains a needle tip cover 1n its distal end, which, after it 1s
converted to an open position in the epidural space, 1s pulled
back over the needle tip, by pulling on the proximal portion of
the catheter. The catheter based cover blunts and thereby
protects the vulnerable structures of the spine, such as the
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dura, from the sharp epidural needle tip. With the epidural
needle tip covered, the needle may be more sately advanced
into the epidural space, 1n a direction somewhat parallel to the
dura, towards the contralateral or 1psilateral lateral recess and
neural foramen. The needle may be advanced blindly; with
image guidance; or with endoscopic guidance.

The epidural catheter, with the cap or cover for the epidural
needle, may or may not contain a rigid or flexible fiberoptic
cable. With a fiberoptic element and a clear tip to the catheter,
the epidural needle may be converted to an epidural endo-
scope or “needlescope”.

One preferred embodiment of the epidural needle appara-
tus contains two adjacent lumens (“double barreled”), with a
working channel adjacent to the epidural needle. The working
channel may be fixed and permanent, or removable, as 1n with
a rail and track connection. A removable working channel, 1n
one embodiment, may be iserted or removed while the tip of
the epidural needle remains in the epidural space. The distal
beveled opening of the working channel, 1n a preferred varia-
tion, 1s located proximal to and on the same side of the needle
as the epidural needle tip beveled opening faces, facilitating
visualization of the working channel tools when a fiberoptic
clement has been placed in through the epidural needle
lumen.

The epidural needle or the working channel of the epidural
needle may be a vehicle for insertion of a working backstop or
barrier, another apparatus that facilitates safe tissue resection
and remodeling in the epidural space. The barrier 1s a thin flat
device that may be delivered into or adjacent to the epidural
space or neural foramina, through the needle or working
channel, or through an endoscope or open incision. Such a
backstop may consist of a flexible, curved, thin and flat piece
of material. This barrier will serve to protect neural and neu-
rovascular structures from being damaged during tissue
mampulation and resection, because 1t will be placed between
the tissue to be ablated, resected, irritated, manipulated or
remodeled, and the vulnerable neural and vascular structures
or dura. The tools for tissue resection and ablation will be
used on the side of the barrier opposite from the vulnerable
neural and vascular structures, which will be sately protected
from 1nadvertent injury.

In one variation of the present invention, a tissue abrasion
device 1s placed, erther percutaneously or through an open
surgical approach, through the neural foramina of the spine,
around the anterior border of the facet joint, and anterior to the
ligamentum flavum. The abrasion device alternatively or
additionally may be placed through the neural foramen ante-
rior to the facet joint, but through or posterior to the ligamen-
tum flavum. After spinal neuroforaminal placement, the
device 1s used to remove tissues that impinge on the neurovas-
cular structures within the lateral recess and neural foramen,
anterior to the facet joint.

The abrasion device may, for example, include a thin belt or
ribbon, with an abrasive, shaving, and/or cutting surface,
which 1s placed through the neural foramina and 1s held firmly
against the tissue to be removed. The belt optionally may be
placed, at least partially, within a protective sheath or cover-
ing, with the treatment area exposed to the abrasive surface of
the device somewhat limited to the area where tissue abrasion
and removal 1s desired. The abrasive element may be pro-
vided 1n one or more of a variety of potentially interchange-
able shapes, ranging from flat to curved; narrow to wide; or
solid to perforated. The abrasive surface may also have vari-
ous enabling designs, or surface patterns, or coarseness of
abrasitve material. The apparatus 1s placed with both free ends
of the abrasive element, as well as the ends of the optional
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protective sleeve or covering, external to the patient for
manipulation by a medical practitioner.

When the optional protective sleeve or sheath 1s provided,
both ends of the sleeve may be held under tension, external to
the patient, such that the abrasive belt or ribbon may be pulled
back and forth through the sleeve without causing significant
friction against and/or trauma to adjacent tissues. Initially,
both ends of the abrasive ribbon are pulled simultaneously,
pulling the device 1n a posterior and/or lateral direction,
thereby bringing impinging spinal tissue 1n contact with the
abrasive and/or cutting surface of the ribbon. When one end of
the ribbon 1s pulled with more force than the other, the ribbon
moves 1n the direction of the stronger pull, while the lesser
pull on the opposite end maintains force and creates friction
with movement between the abrasive surface and the tissue to
be resected.

In an open surgical variation, the ribbon or belt and/or the
protective covering or sleeve may be placed through the sur-
gical 1ncision. In a percutaneous variation, the device may be
inserted through a needle or over a wire. As with the percu-
taneous approaches, placement may be aided by the use of
image guidance and/or the use of an epidural endoscope.

Once the surgical apparatus has been placed, the medical
practitioner may enlarge the lateral recess and neural
foramina via cutting, shaving, filing, rasping, sanding, ablat-
ing or frictional abrasion, 1.e., by sliding the abrasive or cut-
ting surface across the tissue to be resected. Impinging tissue
to be targeted for abrasion may include, but 1s not limaited to,
lateral higamentum flavum, anterior and medial facet, and
osteophytes. The medical practitioner controls the force and
speed of the abrasive surface against the tissue to be removed,
while optional covers define the tissue exposed to the abrasive
clement.

One variation of the abrasive element cover envelopes the
abrasive surface and the backside of the belt or ribbon 1n areas
where tissue removal 1s not intended. A nerve stimulator may
be incorporated into the tissue removal surface and/or the
protective cover or sleeve 1n order to verity correct placement
and enhance safety by allowing the medical practitioner to
ensure that neural tissue 1s not subject to inadvertent trauma
or abrasion during the procedure.

The present invention also describes methods and appara-
tus that may be used as a compression dressing, after tissue
resection or ablation. Following neuroforaminal and lateral
recess enlargement, one variation of the compression dress-
ing 1s placed 1n a position where 1t 1s firmly wrapped against
the abraded tissue surface around the facet and ligamentum
flavum through the neural foramina. By tightly pressing
against treated tissue surfaces, such a device serves to pro-
mote desired tissue remodeling; to prevent edema that may
lead to impingement on neural or vascular tissue during early
healing; to contain debris; to promote postoperative hemosta-
s1s; to block scar formation between the raw tissue surfaces
and the adjacent neural and vascular structures; to avoid
inflammation or irritation to neural and vascular structures
from contact with adjacent resected tissue surfaces; and as a
mechanism for sustained drug delivery, possibly as a depot, to
the operative site post-operatively (e.g. steroids, procoagu-
lants, adhesion barriers). Finally, the dressing would also
present a smooth surface towards the nerve root during the
immediate post-operative period.

This neuroforaminal compression dressing may, for
example, comprise the optional protective sheath, percutane-
ously held tightly 1n place against the abraded surface. Alter-
natrvely or additionally, a separate percutaneously removable
compression dressing may be placed following tissue abra-
s10n, with or without a biodegradable component. In a further
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alternative embodiment, an entirely biodegradable compres-
sion dressing may be placed tightly against the abraded sur-
face, with the compression dressing remaining completely
implanted following the procedure.

Safe tissue removal, ablation and remodeling with these
methods and devices are further enabled by complementary
methods and apparatuses that assist with accurate neural
localization. Neural localization will be performed by neural
stimulation through electrically conductive materials located
within the capped epidural needle tip; within the epidural
tools that will be 1n contact with tissue to be modified; or one
or both sides of the working barrier. Neural stimulation will
be performed in conjunction with monitoring of the patient
for sensory and/or motor response to the electrical impulses.

Said backstop may also contain neural localization capa-
bilities, including a conductive element on the working side
and/or the non-working side. The conductive element may be
used to ensure that the neural and their adjacent vascular
structures are on the non-working side of the barrier. In the
instance that the barrier 1s placed through the lateral recess or
neural foramina, appropriate low intensity electrical stimula-
tion on the non-working surface should result 1n the stimula-
tion of sensory or motor nerves in the patient’s extremity,
while appropriate electrical conduction on the working sur-
tace should result 1n no neural stimulation. Neural stimulation
may be monitored by monitoring somatosensory-evoked
potentials (SSEPs), motor-evoked potentials (MEPs), and/or
by looking for visual signs of muscular contraction within the
extremities. (Somatosensory evoked potentials (SSEPs) are
non-invasive studies performed by repetitive, sub-maximal,
clectrical stimulation of a sensory or mixed sensory and
motor nerve. In response to the nerve stimulation the brain
generates cerebral action potentials (electrical waves), that
can be measured and recorded over the scalp and spine with
surface electrodes. In many cases, needle electrodes are used
for intraoperative SSEP monitoring, as they require less cur-
rent, and reduce artifact. The recorded response 1s a series of
waves that retlect activation of neural structures.) SSEP, SEP,
MEP or EMG feedback may be monitored and/or recorded
visually, or may be monitored audibly, potentially conveying
quantitative feedback related to the volume or frequency of
the auditory signal (e.g., a Geiger counter type of quantitative
auditory feedback). Intensity of signal or stimulation may be
monitored and used to localize the nerve during placement, as
well.

For example, the surgeon may use the neural stimulator to
ensure that there 1s not stimulation of vulnerable neurons on
the working side of the barrier, prior to initiating tissue
mampulation with the working tools. For example, with the
barrier in position in the lateral recess or neural foramina, the
surgeon may send electrical current first along the working
side of the barrier, then along the backside of the barrier. Low
level stimulation of the working side would be expected to
result 1n no neural stimulation, while the same stimulation on
the backside of the barrier would be expected to stimulate
dorsal roots, nerve roots, or ganglia.

Neural localization may be further enabled by the addition
of surgical instruments (e.g. cautery devices, graspers, shav-
ers, burrs, probes, etc.) that are able to selectively stimulate
clectrically while monitoring nerve stimulation 1n similar
fashions. Quantification of stimulation may enable neural
localization. For instance, one might use a calibrated sensor
input that recognizes stronger stimulation as the device 1s
closer the neural structures. For added safety, a surgical
device may be designed to automatically stimulate before or
during resection, and may even be designed to automatically
stop resection when nerve stimulation has been sensed.
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A method for modifying spinal anatomy 1s disclosed. The
method includes delivering a surgical apparatus to an epidural
space and surgically altering tissues that impinge neural or
vascular structures 1n the lateral recess, neural foramina or
central canal of the spine with the apparatus. Surgically alter-
ing tissues can include ablating tissue, resecting tissue,
removing tissue, abrading tissue, retracting tissue, stenting,
tissue, retaimng tissue, or thermally shrinking tissue. Surgi-
cally altering tissues can additionally include enlarging the
lateral recess, neural foramina or central canal of the spine.

Delivering the surgical apparatus to an epidural space can
include delivering an epidural needle to the epidural space,
and enlarging the lateral recess, neural foramina or central
canal of the spine can include focally altering tissue with tools
delivered through the epidural needle. Delivering the surgical
apparatus to an epidural space also can include delivering an
epidural needle to the epidural space, and enlarging the lateral
recess, neural foramina or central canal of the spine also can
include focally altering tissue with tools delivered through a
working channel disposed adjacent to the epidural needle.

Delivering the surgical apparatus can include converting
the epidural needle to an endoscope within the epidural space.
Delivering the surgical apparatus to an epidural space also
can include delivering a working endoscope to the epidural
space, and enlarging the lateral recess, neural foramina or
central canal of the spine can also include focally altering
tissue with tools delivered through the working endoscope.
Delivering the surgical apparatus can also include converting
the epidural needle into a blunt tipped 1nstrument after place-
ment of the needle’s tip within the epidural space. Converting,
the epidural needle can also include threading an epidural
catheter through the epidural needle 1nto the epidural space,
and covering the needle’s tip with an epidural needle cover
delivered via the catheter.

Delivering the surgical apparatus can also include convert-
ing the epidural needle into an endoscope via a visualization
clement disposed within the epidural catheter. Delivering the
surgical apparatus can include infusing fluid into the epidural
space to improve visualization. Delivering the surgical appa-
ratus can include inserting a removable working channel
alongside the surgical apparatus. Delivering the surgical
apparatus can include serting a distal tip of a dual lumened
epidural needle 1nto the epidural space and using at least one
of the dual lumens as a working channel for the delivery of
instruments mto the epidural space. Delivering the surgical
apparatus can include mserting an mstrument chosen from
the group consisting ol a tissue cauterization tool, a tissue
laser device, a radiofrequency delivery device, a ronguer, a
tissue grasper, a tissue rasp, a probe, a bone drill, a tissue
shaver, a burr, a tissue sander and combinations thereof
through the surgical apparatus.

Delivering the epidural needle can include inserting the
epidural needle to a position with a tip of the needle 1n prox-
imity to where treatment will be directed. Delivering the
epidural needle can include mserting the epidural needle at an
interspace below the level of the spine where the treatment
will be directed.

Delivering surgical apparatus can include delivering the
apparatus via an open surgical route. Delivering the epidural
needle can include delivering the needle via a posterior, inter-
laminar percutaneous route. Delivering the epidural needle
can include delivering the needle via a posterior, translami-
nar, percutaneous route. Delivering the epidural needle can
include delivering the needle via a posterior, midline, inters-
pinous, percutaneous route. Delivering the epidural needle
can 1clude delivering the needle via a percutaneous route
through the neural foramen from 1ts lateral aspect. Enlarging
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can include placing a mechanical barrier or backstop between
tissue to be resected and adjacent neural or vascular struc-
tures. The barrier can be steerable.

The method of modifying the spinal anatomy can include
confirming proper placement of the surgical apparatus. Con-
firming proper placement can include confirming proper
placement with a nerve stimulator. Confirming proper place-
ment with a nerve stimulator further comprises confirming,
proper placement with stimulation leads placed on a tissue
remodeling side of the surgical apparatus. The method of
moditying the spinal anatomy can include confirming proper
placement of the surgical apparatus or barrier with a nerve
stimulator having stimulation leads placed on a tissue remod-
cling side of the barrier or on a back side of the barrier.

The method of modifying the spinal anatomy can include
monitoring nerve stimulation with the nerve stimulator via
somatosensory evoked potentials (SSEPs). The method of
moditying the spinal anatomy can include momitoring nerve
stimulation with the nerve stimulator via motor evoked poten-
tials (MEPs). The method of modifying the spinal anatomy
can include monitoring nerve stimulation with the nerve
stimulator via motor evoked patient movement. The method
of modifying the spinal anatomy can include monitoring
nerve stimulation via verbal patient sensory response to the
nerve stimulator.

The method of modifying the spinal anatomy can include
monitoring enlargement via imaging. The method of modi-
tying the spinal anatomy can include surgically altering the
tissues under fluoroscopic imaging, MRI 1imaging, CT imag-
ing, ultrasound 1imaging, radiological imaging, surgical trian-
gulation, infrared or RF surgical triangulation.

The method of modifying the spinal anatomy can include
placing an element that provides tissue compression of sur-
gically remodeled tissue or bone surface 1n order to enlarge
the neural pathway or foramina post-surgical enlargement.
The method of moditying the spinal anatomy can include
placing an element that provides tissue compression and
retention 1n order to remodel tissue or bone surface 1n order to
enlarge the neural pathway or foramina de novo. Placing the
clement can include placing the element using a percutaneous
technique via the epidural space, through a neural foramen at
a level to be treated for spinal stenosis, and around a facet
complex or a lamina adjacent to the facet complex. The
method of moditying the spinal anatomy can 1nclude tight-
cning the element to a determined tension. Placing the ele-
ment can include placing an element having a posterior
anchor that 1s a cord or tie looped through a hole that has been
drilled 1n the cephalad lamina of the immediately adjacent
vertebrae. The method of modifying the spinal anatomy can
include tensioning the element to a determined level via a
tension gauge or other measurement device element holding
tension against the tissue to be remodeled.

The method of moditying the spinal anatomy can include
releasing a biologically active material for the purposes of
decreasing inflammation, or promoting remodeling of soft
tissue or bone growth from the element.

Apparatus for focal tissue alteration are disclosed herein.
The apparatus have an element configured for placement into
an epidural space, and surgical tools configured for delivery
through the element into the epidural space to remodel spinal
anatomy that impinges upon neural, neurovascular or tendon
structures. The element can 1include an epidural needle, and
wherein the surgical tools further comprise a tissue remodel-
ing device configured for placement via the epidural needle.

The epidural needle can be configured for placement 1nto
the epidural space via an approach chosen from the group
consisting of a posterior interspinal midline approach, a pos-
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terior paramedian interlaminar approach, a posterior trans-
laminar paramedian approach through a hole 1n the lamina, a
neural foramina approach around an anterior border of a facet
joint, and combinations thereof. The epidural needle can
include two adjacent lumens, the second lumen configured to
act as a working channel for the delivery of the surgical tools
into the epidural space.

The apparatus can have an epidural catheter configured to
convert the epidural needle into a blunt tipped mstrument via
an epidural needle tip cover that may be opened and then
pulled back to cover the needle’s tip. The epidural catheter
can have a fiberoptic cable for visualization. The apparatus
can have an insertable and removable working channel for
tool access configured for placement alongside the needle.

The tissue remodeling device can be chosen from the group
consisting of a tissue cauterization tool, a tissue laser device,
a radiofrequency delivery device, a ronguer, a tissue grasper,
a tissue rasp, a probe, a bone drill, a tissue shaver, a burr, a
tissue sander, and combinations thereof.

The surgical tools can produce nerve stimulation. The
apparatus can have a device for monitoring neural stimulation
to 1dentily when a working surface of the surgical tools 1s in
close proximity to vulnerable neural tissue during tissue
remodeling.

An apparatus for protecting adjacent structures during
remodeling of spinal anatomy that impinges upon neural,
neurovascular or tendon structures 1s disclosed. The appara-
tus has a mechanical barrier configured for placement
between tissue to be resected and the adjacent structures. The
mechanical barrier can be configured for insertion through an
open 1ncision. The mechanical barrier can be configured for
insertion through a working channel of an endoscope.

The apparatus can be configured for use with a visualiza-
tion element. The visualization element can be chosen from
the group consisting of an epidural endoscope, a fluoroscope,
ultrasound, XRay, MRI and combinations thereof. The appa-
ratus can have a nerve stimulator to facilitate proper place-
ment of the barrier. A conductive element can be included on
a tissue modification side of the barrier or on a backside of the
barrier to facilitate nerve localization. A working surface of
the tissue remodeling device can have neurostimulation capa-
bilities, thereby allowing for a positive and negative control in
localizing neural tissue prior to tissue removal.

The apparatus can include a monitoring technique for
monitoring electrical nerve stimulation. The monitoring tech-
nique can be chosen from the group consisting of SSEPs
(somatosensory evoked potentials); MEPs (motor evoked
potentials); EMG; verbal inquiries of the patient’s sensory
experience to the electrical stimulation; visual techniques,
mechanical techniques, tactile techniques monitoring neuro
muscular stimulation and movement, and combinations
thereof.

The apparatus can 1nclude an element configured to pro-
vide tissue compression against surgically remodeled tissue
or bone surface 1n a neural pathway or foramina post-enlarge-
ment. The element 1s configured for percutaneous placement
via the epidural space, through the neuroforamen at the level
to be treated for spinal stenosis, and around the facet complex
or the lamina adjacent to the facet complex. The element 1s
configured to release a biologically active material for the
purposes of decreasing intlammation, or promoting remodel-
ing of soit tissue or bone growth.

The apparatus can be configured for tightening to a deter-
mined tension for purposes of relieving spinal stenosis. The
clement can include a posterior anchor having a cord or tie

looped through a hole that has been drilled 1n the cephalad
lamina of the immediately adjacent vertebrae. Tension of the
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clement 1s configured to be set at a determined level by a
tension gauge, or other measurement device element holding
tension against tissue to be remodeled.

The apparatus can have a neuro foraminal compression
clement configured to retract and hold pressure on spinal
tissue when placed under tension, 1n order to relieve pressure
on 1impinged neural and vascular structures and promote tis-
sue remodeling. The apparatus can have a tensioning device
for the neuro foraminal compression element configured to
secure two ends of the element together at a posterior aspect
of the vertebral lamina at a desired tension by pulling the
clement to the desired level of tension prior to locking the
opposite ends of the element together at said tension.

The apparatus can have a tensioning device configured to
tighten a loop formed by the neuro foraminal compression
clement around the facet joint complex, within the lateral
aspect of the lamina, and configured to tighten the compres-
s1on element across a locking or crimping element to a speci-
fied tension, pulling the ligamentum flavum posteriorly in the
spinal canal, in the lateral recess and 1n the neural foramen.

The apparatus can have a tensioning device configured to
tighten a loop formed by the neural foraminal compression
clement around the lamina, close to a facet joint complex,
within a lateral aspect of the lamina, and configured to tighten
the compression element across a locking or crimping ele-
ment to a specified tension, pulling the ligamentum flavum
posteriorly 1n the spinal canal, in the lateral recess and 1n the
neural foramen.

At least one free end of the neural foraminal compression
clement can be configured for subcutaneous placement to
facilitate future removal of the element. The compression
clement can be biodegradable.

The compression element can contain a therapeutic agent
chosen from the group consisting of medications, bioactive
compounds, steroids, depot steroids, anti-inflammatories,
and combinations thereof. The agent can be configured for
immediate release. The agent can be configured for sustained
local delivery.

A method of altering bone or soft tissue 1n a patient 1s
disclosed. The method includes placing a tissue abrasion
device through tissue to be altered, holding the tissue abrasion
device under tension to bring an abrasive surface of the device
firmly against the tissue to be altered, and sliding the abrasive
surface of the abrasive element against the tissue to be altered,
thereby altering bone or soit tissue immediately adjacent to
the abrasive surface. Altering can include abrading, remov-
ing, or remodeling. Placing the tissue abrasion device through
tissue to be altered can include placing the device through
spinal tissue that impinges on neural, neurovascular or liga-
mentous structures in the patient’s spine. Placing the tissue
abrasion device can include placing the tissue abrasion device
through a neural, neurovascular, or ligamentous pathway
within the patient’s spine, holding the tissue abrasion device
under tension to bring the abrasive surface against tissue
within the pathway, and where sliding includes enlarging the
pathway via frictional abrasion of the tissue. Placing a tissue
abrasion device through the pathway can include placing the
tissue abrasion device through neural foramina of the
patient’s spine and around the anterior border of a facet joint.
Placing the tissue abrasion device through neural foramina of
the patient’s spine and around the anterior border of a facet
joint can include placing the device via a route chosen from
the group consisting of an open surgical approach, a percu-
taneous approach, a posterior percutaneous approach, an
interlaminar percutaneous approach, a translaminar percuta-
neous approach, an interspinous percutaneous approach,
through the neural foramen from a lateral direction, and com-
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binations thereof. Placing the tissue abrasion device can
include placing the device within a protective sheath or cover.

The method can include altering spinal tissues that impinge
on neural, neurovascular, or ligamentous structures in the
patient’s spine.

Enlarging the pathway can include enlarging a diseased
pathway within the patient’s spine.

Holding the tissue abrasion device under tension against
tissue within the pathway can include placing an abrasive
surface of the tissue abrasion device against tissue chosen
from the group consisting of an anterior surface of facet joint
capsule, a medial surface of facet joint capsule, a superior
articular process of the facet joint, ligamentum flavum, tis-
sues attached to ligamentum flavum, extruded spinal disc
material, scar tissue, and combinations thereof.

Sliding the tissue abrasion device against the tissue can
include sliding the abrasive surface of the tissue abrasion
device against the tissue. Sliding the abrasive surface can
include enlarging the lateral recess, neural foramina or central
spinal canal via frictional abrasion. Sliding the abrasive sur-
face can include preferentially abrading tissue chosen from
the group consisting of ligamentum tlavum, bone spurs, facet
capsule, superior articular process, extruded spinal disc mate-
rial, scar tissue and combinations thereof that impinge on
neural or vascular structures.

The method can include confirming proper placement of
the tissue abrasion device. Confirming proper placement of
the device can include confirming proper placement with a
nerve stimulator. Confirming proper placement with a nerve
stimulator can 1nclude confirming proper placement with a
nerve stimulator having stimulation leads placed at a location
chosen from the group consisting of anon-abrasive side of the
tissue abrasion device, a back side of a protective sleeve or
cover placed over the tissue abrasion device, an abrasive side
of the tissue abrasion device, a working side of the tissue
abrasion device, and combinations thereol. Confirming
proper placement can include confirming placement via a
modality chosen from the group consisting of fluoroscopic,
MRI, CT, infrared, ultrasound imaging, surgical triangula-
tion, and combinations thereof.

The method can include monitoring nerve stimulation via
somatosensory-evoked potentials (SSEPs) with the nerve
stimulator. The method can include monitoring nerve stimu-
lation via motor-evoked potentials (MEPs) with the nerve
stimulator. The method can include monitoring nerve stimu-
lation via verbal patient sensory response to the nerve stimu-
lator.

The method can include replacing the tissue abrasion
device with a compression element that 1s held against altered
tissue or bone.

Apparatus for the removal of impinging soit tissue or bone
within a patient are disclosed. The apparatus can have a tissue
abrasion device configured for placement through impinged
tissue pathways. The tissue abrasion device can have an abra-
stve surface configured for placement adjacent to the imping-
ing tissue. The impinged tissue pathways can have pathways
chosen from the group consisting of neural pathways, neu-
rovascular pathways, ligamentous pathways, and combina-
tions thereof. The tissue abrasion device can be configured for
the removal of spinal structures that impinge neural or neu-
rovascular tissues within the patient, and wherein the tissue
abrasion device 1s configured for placement through neural
foramina of the patient’s spine and around the anterior border
of a facet joint.

The apparatus can have a protective cover disposed about
the tissue abrasion device, where the protective cover 1s con-
figured to limit exposure of an abrasive surface of the device
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to areas where tissue removal 1s desired. The apparatus can
have a nerve stimulator in communication with the tissue

abrasion device to facilitate proper placement of the device.

The apparatus can have a conductive element disposed on
an abrasive surface of the device to enable nerve localization
by sending a small electrical current through the conductive
clement.

The apparatus can have an epidural needle, where the tissue
abrasion device 1s configured for placement through the epi-
dural needle.

The apparatus can have a visualization element for direct
visualization of the neural foramina. The apparatus can have
a neural foramina compression element.

The compression element can be configured to promote
hemostasis and desired tissue remodeling during healing. The
clement can be configured to be left in place after being
secured with adequate tension against tissue abraded with the
tissue abrasion device. The compression element can be con-
figured to protect a tissue surface abraded with the device.
The compression element can be configured to prevent adhe-
sions during healing. The compression element can be con-
figured to protect vulnerable structures adjacent to tissue
abraded with the tissue abrasion device from an inflammatory
response triggered by tissue abrasion.

The tissue abrasion device can be configured for placement
in front of, across, and then behind tissue to be abraded, such
as through a naturally occurring or artificially created ana-
tomical foramen or tissue pathway. The abrasive surface can
be disposed on all or part of one side of the tissue abrasion
device. The abrasive surface can be disposed on an element
chosen from the group consisting of a length of ribbon, strap,
cable, belt, cord, string, suture, wire and combinations
thereol. The ends of the device can be configured for manual
grasping. The apparatus can have a handle to which ends of
the device are attached for manual grasping. The device can
be configured for attachment to an electromechanical power-
driven device.

The device can be configured to be placed under tension 1n
order to bring the abrasive surface ito contact with tissue to
be removed. The abrasive surface can be configured to be
pulled against tissue to be removed. The abrasive device can
have multiple abrasive elements with different abrasive sur-
faces, configured for interchangeable use. The multiple abra-
stve elements can have varying grades of abrasive material.
The multiple abrasive elements can have different grooves,
patterns of grooves, or material patterns on the abrasive sur-
face to facilitate preferential abrasion of tissue at desired
locations. The patterns of grooves can have diagonal parallel
grooves that preferentially move the abrasive eclement
towards one direction on the surface being abraded as the
abrasive element 1s pulled 1n one direction, and towards an,
opposing direction as the abrasive element 1s pulled 1n a
second direction. The multiple abrasive elements can have
different shapes that guide the extent and location of tissue
removal.

The apparatus can be configured to carry debris away from
the site of tissue removal.

The tissue abrasion device can vary 1n profile along its
length. The tissue abrasion device can have openings that
tacilitate passage of debris behind the device for storage or
removal.

The apparatus can have a monitor for monmitoring electrical
nerve stimulation with the nerve stimulator. The monitor can
be configured to momtor a feedback chosen from the group
consisting of SSEPs, MEPs, EMG, verbal communication of
patient sensation, visual monitoring, mechanical monitoring,
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tactile means, monitoring of neuromuscular stimulation and
movement, and combinations thereof.

The compression element can be biodegradable. The com-
pression element can contain a therapeutic agent configured
tor delivery to abraded tissue or adjacent neural and neurovas-
cular structures. The therapeutic agent can be a medication,
bioactive compound, steroid, depot steroid, anti-inflamma-
tory, adhesion barrier, procoagulant compound, or combina-
tion thereof.

The protective cover can be attached, external to the
patient, to a suspension system that includes elements to
firmly and individually grasp each end of the cover and hold
it 1n position under tension against the tissue surface to be
abraded, with an open portion of the cover exposing the
abrasive element directly over tissue to be abraded. The pro-
tective cover can be configured to protect a non-abrasive side
of the tissue abrasion device. The protective cover can have
channels along 1ts lateral aspects for the insertion and sliding
of the tissue abrasion device. The protective cover can include
channels along 1ts lateral aspects for the insertion and sliding
of a second protective cover configured for placement
between an abrasive surface of the tissue abrasion device, and
tissue adjacent to tissue to be abraded with the abrasive sur-
face.

Finally, the present invention also describes methods and
apparatus that promote tissue remodeling, separate from the
tissue resection or ablation. These devices tightly wrap,
retract, or hold 1n position, under tension, impinging tissues
within the spinous posterior elements.

It 1s expected that the apparatus and methods of the present
invention will facilitate a mimimally invasive approach to the
selective elimination of pathological spinal tissue, thereby
enabling symptomatic relief 1n patients suffering from spinal
stenosis.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the present
invention will be apparent upon consideration of the follow-
ing detailed description, taken 1n conjunction with the accom-
panying drawings, in which like reference characters refer to
like parts throughout, and in which:

FIG. 1 1s a cross section through the posterior aspect of the
lumbar spine;

FIG. 2 1s a sagittal section through the lumbar spine;

FIGS. 3 g, b, ¢ are sagittal views through a patient’s spine,
illustrating a prior art method for epidural needle 1nsertion, a
loss of resistance method;

FI1G. 3a 1llustrates a needle 1nserted to an interspinal liga-
ment.

FI1G. 3b illustrates constant pressure applied on the syringe
plunger.

FI1G. 3¢ illustrates saline injected into the epidural space.

FIG. 4 1s a cross-sectional view through a patient’s spine,
illustrating two prior art variations of the method of FIGS. 3
a, b, c;

FIG. 5 1s an 1llustration of standard Touhy epidural needle
tips;

FIG. 6 are schematic side views illustrating a method and
apparatus, 1 accordance with the present invention, for cov-
ering with a cap and blunting the sharp tip of an epidural
needle post-insertion;

FI1G. 7 are also a schematic side view of vaniations of the
apparatus of FIG. 6 with a method for also limiting the depth
ol 1nsertion of cannula, access portal, or needle;

FIG. 8 are schematic side views illustrating a method and
apparatus 1n accordance with the present invention for cov-
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ering with a cap and blunting the tip of the epidural needle
post-insertion, and optionally converting the epidural needle
to an epidural endoscope, for safe further advancement of the
needle mto the epidural space;

FIG. 9 are also a schematic side view of variations of the
apparatus of FIG. 8;

FIG. 10 are also a schematic side view of vanations of the
apparatus of FIG. 6 or 8;

FIG. 11 are also a schematic side view of variations of the
apparatus of FIG. 8;

FIGS. 12 a, b, ¢ are schematic side views of variations of
the apparatus of FIG. 6 or 8;

FIGS. 12 d, e are schematic side views of an epidural portal
over needle apparatus, as shown in FIGS. 12 q, b, ¢; with a
distal anchor engaged anterior to the ligamentum flavum,
when the portal has been serted over the needle, into the
epidural space;

FIG. 13 1s a schematic side view of varniations of the appa-
ratus of FIG. 6 or 8;

FIG. 14a 1s a schematic side view, partially in section, of
variations of the apparatus, illustrating methods of safely
utilizing the apparatus (e.g., safe tool access) for safe place-
ment and use of surgical tools in or around the epidural space;

FIG. 145b are side views, partially 1n section, illustrating a
method and apparatuses for safe placement of a tool or work-
ing channel into the epidural space;

FIG. 15 are side views 1llustrating apparatuses that include
a double barreled epidural needle, with the epidural needle as
the most distal point, and with the working channel the more
proximal tip. This system may also be converted to an endo-
scope and may be used for safe placement of instruments 1nto
the epidural space;

FIGS. 16-18 are cross-sectional views through a patient’s
spine, 1llustrating a method and apparatus for placement of a
double barreled epidural needle or endoscope, the sharp tip of
which has been covered 1n FIG. 17, and thereby blunted, for
safe advancement towards the lateral recess and neural
foramina. The blunted epidural needle apparatus may contain
a fiberoptic cable for direct visualization, in a preferred
embodiment;

FIG. 19 1s a cross-sectional view through a patient’s spine
that illustrates a method, following FIGS. 16-18, for place-
ment of a working backstop or barrier into the lateral recess
and/or neural foramina. The barrier or backstop may contain
elements for neural localization;

FIGS. 20-21 are cross-sectional views through a patient’s
spine that illustrate alternative methods and apparatuses for
placement of a working backstop or barrier to enable safe
tissue resection, ablation, abrasion or remodeling;

FIG. 22 1s a cross-sectional view through a patient’s spine
that illustrates a tool inserted through the working channel
(example shows a shaver or burr), with its tip 1n position for
tissue removal or debridement, adjacent to a protective work-
ing backstop or barrier.

FIG. 23 are schematic views of a working backstop or
barrier apparatus, including an optional rail for controlled
tool placement in relation to the barrier, and an optional
conductive element for neural localization.

FI1G. 235 1s a frontal view from above;

FIG. 23c¢ 1s a front view;

FIG. 23d 1s a frontal view of the working backstop or
barrier apparatus folded for compact delivery;

FIG. 24 15 a cross-sectional view through a patient’s spine
that illustrates a methods and apparatuses for providing neu-
ral stimulation and neural localization, within a working
backstop or barrier, and/or within a tool (a bone burr placed
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adjacent to a spinal bone spur in the lateral recess, in this
illustrative example), for safety in tissue resection, abrasion
or remodeling;

FIGS. 25-32 are cross-sectional views through a patient’s
spine, 1llustrating a method and apparatus for placement and
use of elements for selective surgical removal of tissue;

FIGS. 33-36 are cross-sectional views through a patient’s
spine, 1llustrating a vanation of the method and apparatus of

FIGS. 25-32;

FIGS. 37 a-d are cross-sectional views through a patient’s
spine, illustrating another variation of the method and appa-

ratus of FIGS. 25-32;

FIG. 38 are a detailed view and a close up of the cross
section of a preferred embodiment of the apparatus used 1n
FIG. 37d;

FI1G. 39 an alternative embodiment of the apparatus of FIG.
38:

FIGS. 40-45 are partial cross-sectional views through a
patient’s spine, illustrating a method for use with single or
multiple lumen delivery systems, for placement of an abra-
s1on apparatus through the neural foramina for selective sur-
gical removal of tissue;

FIGS. 46-58 are cross-sectional views through a patient’s
spine, 1llustrating a variation of the methods and apparatus of
FIGS. 40-45, which may also be used with single or multiple
lumen delivery systems;

FIG. 59 1s a cross-sectional view through a patient’s spine,
illustrating a methods and apparatus that, under tension,
anchors and suspends the working sheath or protective sleeve
that covers the neuroforaminal abrasion device:

FIG. 60 1s a cross-sectional view through a patient’s spine,
illustrating a method and apparatus that, under tension, pro-
vides a percutaneous compression dressing over the abraded
area. In this illustration, the compression dressing 1s the same
working sheath or protective sleeve that had covered the
neuroforaminal abrasion device;

FIG. 61 1s a schematic cross-sectional view through a
patient’s spine, illustrating a method and apparatus for
achieving neural localization prior to or during use of the
tissue removal apparatus;

FIG. 62 are schematic views of additional apparatus, show-
ing a spool or reel to reel configuration of a portion of the
device that may be utilized for selective surgical removal of
tissue;

FIGS. 63-70 are schematic cross-sectional views through a
patient’s spine of a method and apparatus for a posterior
midline or paramedian approach to placement of a posterior
clements compression, retraction or retention device around
the facet complex, through the neural foramina;

FIG. 71 are schematic cross-sectional views through a
patient’s spine illustrating a posterior lateral approach to
placement of the spinal compression, retraction or retention
apparatuses:

FIG. 72 are schematic cross-sectional views through a
patient’s spine of a fully implanted compression or retraction
remodeling apparatus or compression dressing apparatus;

FIG. 73 1s a schematic cross-sectional view through a
patient’s spine of an apparatuses for a compression remodel-
ing strap integrated with a working backstop or barrier.

FI1G. 74 1s a cross-sectional view through a patient’s spine
that shows a facet drill with a ligament retraction device
around a working backstop, and demonstrates a image guided
dri1ll used in conjunction with the backstop;

FIGS. 75-78 are schematic views of cable strap configura-
tions for temporary removable, permanent, or biodegradable
compression dressings or remodeling tools;
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FIGS. 79-80 are schematic cross-sectional and lateral
views through a patient’s spine of apparatuses for temporary
or permanent retraction and retention of the ligamentum fla-
vum;

FIG. 81 are sagittal cryosection images through 3 cadav-
eric spines (1mages courtesy of Wollgang Rauschning, MD)
that illustrate pathological anterior bulging and “buckling” of
the ligamentum flavum, encroaching on the spinal canal or
lateral recess, a frequent contributing factor in spinal stenosis.
In circumstances when similarly protruding ligamentum fla-
vum 1mpinges neural and neurovascular structures in the spi-
nal canal, lateral recess, or neural foramina, then retraction of
said ligaments, as 1n FIGS. 79 and 80 may be beneficial to the
patient;

FIG. 82 are cross-sectional views through a protective
sleeve or sheath, compact during insertion (b), and expanded
(c) by passing the apparatus through its lumen;

FIG. 83 are schematic cross section views of additional
apparatus that may be utilized for selective surgical removal
of tissue;

FIG. 84 are schematic cross section views of additional
apparatus that may be utilized for selective surgical removal
of tissue, and subsequently as a compression dressing, with
the ability to act as a therapeutic drug depot;

FIG. 85 are schematic cross section views ol additional
apparatus that may be utilized for selective surgical removal
of tissue;

FIG. 86 1s a schematic cross section views of additional
apparatus that may be utilized for selective surgical removal
of tissue;

FIG. 87 are close-up schematic views of the resecting
clement 1n FIG. 86 that may be utilized for selective surgical

removal of tissue;
FIGS. 88-93 are schematic lateral views of additional

apparatus that may be utilized for visualization 1n the epidural
space, enabling the selective surgical removal of tissue;

FI1G. 88 1llustrate an embodiment of an endoscope in a clear
tipped cannula;

FIG. 89 1llustrate an embodiment of a O-degree endoscope
rotated 1n unison with a curved, clear tipped cannula;

FIG. 90 illustrate an embodiment of a 30-degree endoscope
rotated separately 1nside of a clear tipped cannula;

FIGS. 91a-c illustrate various embodiments of a clear
tipped cannula with a clear shatt;

FIGS. 91d-f illustrate various embodiments of a clear
tipped cannula with an opaque shatt;

FIG. 92 illustrate an embodiment of a clear tipped cannula
with a flexible neck;

FIG. 93 1llustrates an embodiment of an endoscope with a
built-in clear cover (e.g., a combination device embodiment);

FIGS. 94-99 are schematic lateral views of similar appa-
ratus for visualization in the epidural space, along with addi-
tional method and apparatus that enable the safe placement
and use of tools for selective surgical ablation, resection,
abrasion and remodeling of tissue;

FIG. 94 illustrate various embodiments of a clear tipped
cannula with a free adjacent tool;

FIG. 95 illustrate various embodiments of a clear tipped
cannula with an attached adjacent tool;

FIG. 96aq 1llustrates an embodiment of a clear tipped can-
nula with a working channel for a tool;

FIG. 965 1llustrates an embodiment of a clear tipped can-
nula with a nerve stimulator at a working channel exit;

FIG. 97 illustrate various embodiments of cannulas with a
nerve stimulator at the tip (e.g., EMG sensors peripherally
placed);
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FIG. 98 illustrate various embodiments of a clear tipped
cannula with a nerve stimulator at a tip of the free tool; and

FIG. 99 1llustrate various embodiments of a clear tipped
cannula with a nerve stimulator at a tip of the free or attached
tool.

DETAILED DESCRIPTION

The present invention relates to methods and apparatus for
the selective surgical removal or alteration of tissue that
impinges upon spinal neural or vascular structures, with par-
ticular attention towards avoiding injury to the affected or
adjacent neural and neurovascular structures. More particu-
larly, a preferred embodiment of the present invention relates
to methods and apparatus for lateral recess 108 and neural
foraminal enlargement of the spine, 1n cases of neurovascular
impingement, through a novel approach to selective and safe
enlargement of the pathologically narrow spinal neural fora-
men 110, impinged lateral recess 108 and/or compromised
central spinal canal. Tissues that impinge the spine’s central
canal, lateral recess 108, and neural foramen 110 may
include, but are not limited to, ligamentum flavum 10; bone
spurs or ligamentous calcifications; localized disc extrusions;
enlarged facet joint complex 12, facet capsule, and superior
articular processes; and scar tissue or adhesions.

The variations of the invention designed to treat spinal
stenosis are summarized 1n this paragraph, and described 1n
greater detail in the paragraphs that follow. The methods
begin with insertion of an epidural needle 2 apparatus, which
1s converted, after placement 1n the epidural space, from a
sharp tipped instrument, mto a blunt tipped tool. The blunt
tool 1s manipulated within the epidural space. Accurate tool
manipulation may be facilitated with the use of 1mage guid-
ance; direct vision via an accompanying epidural endoscope;
or direct vision when the instrument itself 1s given endoscopic
function. The same blunt tipped epidural instrument may
have an attached fixed or removable working channel. An
additional apparatus of the current invention, a working back-
stop or barrier 96 that serves to protect adjacent vulnerable
structures during the procedure, may subsequently be
inserted 1nto the epidural space, as well as through the neural
foramina, through the needle or endoscope or an adjacent
working channel. Safe resection, ablation, and remodeling
may be further ensured through integration 1nto the invention
of electrical neural stimulation and monitoring for localiza-
tion, optionally available through nerve stimulation function-
ality 1n the epidural mstrument; 1in the working tools used
through the needle or working channel; and/or 1n either or
both sides of the working backstop 96. Finally, further varia-
tions of the device and method enable the surgeon to remodel
stenotic spinal anatomy, either after tissue resection, cutting,
or abrasion or as stand-alone procedures, through the place-
ment of devices for holding, retracting or retaining anatomic
structures away from vulnerable neural and neurovascular
structures within the posterior elements of the spine.

FIG. 1 shows the posterior elements of the spine 1n axial
cross section. The epidural space 42 1n the spine 1s consis-
tently more accessible 1n its posterior most aspect, a fat filled
zone most popular for safe epidural needle 2 placement,
posterior to the dura mater 46. The dura 46 covers and con-
tains the central neural elements of the spine, including the
spinal cord, cauda equina 140, nerve roots 62, and spinal
fluad. FIG. 2 1llustrates the spine 1n sagittal section. FIGS. 1
and 2 show two of the most important anatomic structures
involved 1n the impingement of neural and neurovascular
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tissue 1n spinal stenosis—the ligamentum flavum 10 and the
facet jomnt complex 12. FIG. 2 illustrates spinous processes
80.

For posterior approaches to the lateral recess 108 and neu-
ral foramen 110, the needle 2 1s inserted at or one level below
the spinal interspace where tissue abrasion and removal 1s
desired. The epidural needle 2 may be inserted into the epi-
dural space 42, midline, 1psilateral, or contralateral to the area
where the spinal canal, lateral recess 108 and/or neuroforamai-
nal stenosis or impingement 1s to be treated. Referring now to
FIG. 3, a prior art method for epidural needle 2 1nsertion 1s
shown, comprising a standard loss-of-resistance technique.
Needle based device placement may be approached from
cither the medial or the lateral side of the neural foramen 110.
FIG. 3 illustrate a midline interspinous approach to the pos-
terior epidural space 42. Using this technique, a large bore
(e.g. 12 to 18 gauge) epidural needle 2 1s inserted nto inter-
spinal ligaments, and 1s directed towards the posterior epidu-
ral space 42, while fluid (e.g. sterile saline) or air 15 com-
pressed within the syringe 60, meeting resistance to injection.
Upon entry of the needle tip into the epidural space 42,
perhaps through the ligamentum flavum 10, there 1s a manu-
ally perceptible “loss of resistance” to the continued pressure
on the plunger of the syringe 60, as the compressed tluid or air
casily enters the epidural space 42, without resistance, signi-
tying correct needle tip position (1.e., placement). The epidu-
ral space has a slight negative pressure.

Alternative posterior epidural needle 2 entry approaches
into the epidural space are illustrated 1n FIG. 4, including
interlaminar paramedian and midline interspinous tech-
niques, a preferred approach to the medial side of the neural
foramen 110. An alternative posterior translaminar approach,
where the needle 1s placed through a hole in the lamina 122
[LA], 1s not shown. The epidural space may also be entered
via a more lateral, neuroforaminal approach to needle place-
ment, as shown 1n FIG. 71. With any percutaneous epidural
approach, after a sterile prep and drape, the epidural needle’s
2 sharp tip 1s inserted through the skin to perform a loss-oi-
resistance technique.

When a midline approach 1s used, the epidural needle’s 2
sharp tip 1s inserted through the skin until it begins to engage
the interspinous ligaments 78. Subsequently, a fluid or air
filled (loss of resistance) syringe 60 1s depressed and will
meet resistance to mjection, until the needle tip 1s advanced,
through the ligamentum flavum 10, entering the epidural
space 42, which actually has a slight negative pressure. There
1s a clear “loss of resistance” to the pressurized contents of the
syringe 60, which occurs upon entering the epidural space 42,
signitying correct needle tip placement.

When interlaminar access 1s not possible (e.g. unusual
cases when laminae 122 are too tightly approximated, even
with flexion of the back), the epidural space may be entered
via a translaminar burr hole, using a dr1ll 176 (e.g., an 1image
guided drill) designed for safe epidural entry. Each of these
approaches allows placement of the epidural needle 2 tip 1n
the posterior epidural space 42, poised for access to the lateral
recess 108 and neural foramen 110.

After the epidural needle’s distal tip has been placed 1n the
posterior epidural space 42, a specially designed epidural
catheter 24 1s threaded through the needle 2. Once threaded
into the epidural space 42, the epidural catheter’s unique
epidural needle tip cap or cover 36, located 1n the distal end of
the epidural catheter 24 (with needle tip covering capabilities)
1s opened and pulled back to cover the sharp epidural needle
2 tip, locked 1n place, and thereby converts the needle to a
non-sharp (e.g., blunt) instrument. The needle, thus con-
verted, may be manipulated and more safely advanced in the
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epidural space. The blunted needle 1s subsequently advanced
in a direction parallel to the dura 46, 1n a gentle manner, taking
care to avoid 1nadvertent dural, neural or vascular trauma.
With reference to FIGS. 6, 8, 9,10, 11, 12, and 13, methods
and apparatus for protecting, covering and blunting the sharp
tip of the epidural needle 2 post-insertion, and optionally
converting the epidural needle 2 to an epidural endoscope
132, are described. The catheter apparatus 24 1s inserted
through the needle, and into the epidural space 42, as in FIGS.
60, 85, 9a, 10b, 115, 124, and 13c¢. The catheter tip may be
converted to the open position by one of several mechanisms,
for example, the catheter illustrated 1n FI1G. 9 has a port 34 for
injection of air or liquid to the open the epidural needle tip
cover. The imjected air or liquid drives (e.g., opens) the actua-
tor for the catheter’s tip (needle cover). By forcing air or fluid
into port 34 1n the epidural catheter 24, a portion of the
catheter’s tip 36 may be expanded, as 1n FI1G. 6b, 8¢, 956, 11c,
125, or 13¢, to 1ntlate or otherwise open the needle’s protec-
tive cover or cap 36. In another variation, an alternative means
of actuation of the cap system on the epidural catheter 24 may
be a wire or string that pulls the cap into a new shape. For
example, FIG. 12 demonstrate a sliding umbrella-like mecha-
nism for actuation of the distal epidural catheter 24 based
needle tip cover 36. FIG. 9B shows the epidural “needle cap™
or “fiber cap” 36 in the opened position. In certain embodi-
ments, the catheter may next need to be pulled back proxi-
mally through the needle 2 until, as in FIG. 9C, until the
epidural needle cover 36 1s engaged over the distal needle tip,
protecting the dura 46, neural and vascular structures from the
sharp point of the needle 2, which i1s no longer exposed.
Markings on the catheter may be used to demonstrate to the
surgeon that the catheter 1s 1n the correct position, allowing
the blunted epidural mstrument to be safely advanced.

Once the tip of the epidural needle 2 has been blunted or
capped, and no longer has a sharp exposed portion, the needle
may be saifely advanced within the epidural space, preferably
in a direction parallel to the dura 46 (FI1G. 13). In one varia-
tion, the epidural needle 2 tip 1s covered by the catheter based
device, then 1s advanced through the epidural space under
image guidance (e.g. fluoroscopy, CT, x-ray, MRI, Ultra-
sound, etc.), towards the area where tissue resection, ablation
or remodeling 1s to be performed.

In an alternative varniation of the method and device, as 1n
FIGS. 8,9, 11, and 13, the epidural catheter 24, 1n addition to
a needle tip cover, also contains a fiberoptic cable 38 (or clear
cover over the distal end of the fiberoptic cable within the
epidural catheter), which enables conversion of the epidural
needle 2 into an epidural endoscope 132. The fiberoptic com-
ponent 38 of the catheter provides the surgeon with an ability
to directly visualize the epidural space 42. In a further varia-
tion of the method, both fiberoptic visualization and 1mage
guidance may be used concurrently.

In this apparatus and method for enabling sate manipula-
tion of the apparatus 1n the epidural space, an epidural needle
2 1s first placed 1n the posterior epidural space 42 1n a similar
manner to what was described above. With the needle tip 1n
the epidural space 42, an epidural catheter 24 apparatus 1s
used to deliver a cover to the sharp epidural needle 2 tip,
converting the needle to a blunt instrument for further atrau-
matic advancement of the apparatus into the epidural space,
as shown 1n FIGS. 6, 9, 11, and 12. After the catheter 24 1s
advanced through the epidural needle 2 into the epidural
spaced2, as 1n FIGS. 6a and 9a, a distal portion of the catheter
1s converted to a shape that will be used to cover the sharp
epidural needle 2 tip, as illustrated in FIG. 65b.

Once the cover 36 1n the distal catheter 24 1s opened, the
catheter 24 1s gently pulled back until the needle tip 1s covered
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and thereby blunted. The capped needle 1s next carefully
advanced within the epidural space 42, between the ligamen-
tum flavum 10 and the dura 46, somewhat parallel to both,
towards one of the neural foramen 110, with much less risk of
inadvertent dural puncture. In order to further facilitate safe
advancement of the capped needle in the epidural space,
image guidance may be used. Additionally or alternatively,
the epidural needle 2 may be converted to an epidural endo-
scope. Conversion to an endoscope may be performed by
either converting the epidural needle 2 to an endoscope
directly (“needlescope™), or by utilizing the epidural needle 2
to enable placement of an endoscope cannula or portal 56,
which will replace the needle 2. The needle 2 may be con-
verted to an endoscope directly through use of the catheter 24
that 1s used to cover, blunt, or “sate” the epidural needle 2 tip.
The epidural catheter 24 optionally may contain a rigid or
flexible fiberoptic element 38, through which the surgeon
may view the epidural space 42, thereby converting the epi-
dural needle 2 into an epidural endoscope. The tip of the
fiberoptic catheter would, 1n such a case, be clear 38.

FIG. 7 illustrates a distal epidural anchor 40. The distal
epidural portal anchor 40 can, 1n 1ts engaged position, hold the
distal portion of the epidural apparatus in the epidural space,
anterior to the ligamentum flavum. FIG. 7 also 1llustrates that
the portal, needle, or endoscope may include a proximal
epidural anchor, stopper or lock 28 (e.g., to anchor on the
skln) that may be advanced from the proximal end of the
device (skin side), 1n order to help to prevent the percutaneous
device from advancing further into the epidural space than 1s
desired (as 1n FIG. 7b). The lock 28 can be inserted over the
portal and against the skin when the portal 1s at a desired
depth.

In a further vanation of the apparatus and method, an
epidural portal 56 would allow interchangeable epidural
endoscopes to be used to view or work within the epidural
space. An epidural needle 2 may be used to place an endo-
scope portal 56, using one of the three following general
approaches: (a) In one variation, a portal 1s an expandable
catheter (e.g. FIG. 82) that 1s delivered as a catheter through
the epidural needle 2; (b) In another preferred embodiment,
an epidural needle 2 may be mserted 1nto the epidural space,
with a thin walled epidural cannula or portal 56 already in
place over it, stmilar to the method and apparatus of standard
intravenous cannulation with IV catheters used today. This
technique would 1deally be used 1n conjunction with the epi-
dural needle 2 method and apparatus, so that the needle may
be advanced far enough to safely also place the neck of the
cannula or portal 536, which is a short distance proximal to the
distal tip of the epldural <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>